Lake Taihu has undergone severe eutrophication in the past three decades, and harmful cyanobacteria blooms occur nearly every year in Meiliang Bay at the north end of the lake. To elucidate the potential relationship between seasonal nutrient limitation and phytoplankton proliferation, a 20-year (1992-2011) Chl-a throughout 1996. This study suggests that seasonal patterns of nutrient limitation must be considered to develop effective management measures to control cyanobacterial blooms.
INTRODUCTION
Eutrophication is the most widespread ecological problem in freshwater and marine ecosystems worldwide (Paerl, 1988; Huisman, 2005; Conley et al., 2009) . In many shallow lakes in the past four decades, nitrogen (N) and phosphorus (P) enrichment from untreated sewage effluent and agricultural run-off containing fertilizers has caused harmful algal blooms, fish kills, reduction of biodiversity, and a series of related problems (Carmichael, 1992; Dokulil and Teubner, 2000; Paerl and Huisman, 2008) . Lake Taihu, the third largest shallow lake in China, with an area of 2338 km 2 and an average depth of only 1.9 m (Qin et al., 2004) , is one of the primary sources of drinking water. In recent three decades, increased nutrient inputs related to rapid growth of population and economy, and lakewide nutrient cycling characters have led to severe eutrophication in certain lake areas Paerl et al., 2011) and the decrease of aquatic plants of the lake (Zhu, 2008) . In particular, Meiliang Bay has experienced frequent cyanobacterial blooms, which seriously impair water quality in adjacent areas used as sources of drinking water (Song et al., 2007; Liu et al., 2011) . Large quantities of nutrients (N and P) in riverine discharge in Meiliang Bay have promoted phytoplankton growth (Chen et al., 2003a) . In most earlier research work of nutrient limitation to phytoplankton, Meiliang Bay has long been assumed to be Plimited based on year-scale data, as supported by analyses of total nitrogen:total phosphorus (TN:TP; Vant et al., 1998) . Chen et al. (2003a) used the Redfield Ratio (Redfield, 1958) to conclude that N was not the limiting nutrient during a 9-year study period in Meiliang Bay. found that P and light were the key limiting factors based on year-scale data in Lake Taihu (Meiliang Bay). Recently some studies suggested that, controlled nutrient bioassay experiments during 2008, 2009 and 2011 found nutrient limiting state alternated seasonally between N and P in Meiliang Bay Paerl et al., 2011; Yue et al., 2014) , with P-limited phytoplankton growth in winter and spring, and N was the primary limiting nutrient as well as P being a secondarily limiting nutrient in summer and fall. Furthermore, without considering inter-annual variability, these nutrient bioassays experiments found that Long-term seasonal nutrient limiting patterns at Meiliang Bay in a large, shallow and subtropical Lake Taihu, China N o n -c o m m e r c i a l u s e o n l y seasonal patterns of nutrient limitation also significantly impacted algal dynamics in the study period. However, there has not been an historical time series nutrient bioassays in Meiliang Bay, which is very important to understand if the seasonal variation in nutrient limitation in Meiliang Bay forms consistent patterns over extended periods of time.
The present study explored seasonal patterns of nutrient limitation using long-term data series of nutrients and phytoplankton chlorophyll-a in Meiliang Bay taken during monthly monitoring from 1992 to 2011. Deviations among trophic state indices (Carlson, 1977) were used to determine nutrient (N and P) limitation. The following questions were addressed: i) was there a consistent seasonal shift in nutrient limitation in Meiliang Bay in the past twenty years? ii) were external sources (riverine inflow) or internal sources (sediment) the most likely contributor to shifts in nutrient limitation in the area? iii) what was the nature of the response of phytoplankton chlorophyll-a to seasonal shifts in nutrient limitation?
METHODS

Study area
Lake Taihu is located in the Yangtze River Delta in eastern China between 30°55'40'' -31°32'52'' N and 119°52'32'' -120°36'10'' E (Qin et al., 2004) . The lake basin is located within the temperate and subtropical zone and has a moist and semi-moist monsoon climate with a clear distinction between seasons. Spring, summer, autumn and winter in the Lake Taihu basin occur from March-May, June-August, September-November, and December-February, respectively.
Meiliang Bay is one of the most eutrophic bays in the northern part of the Lake Taihu ( Fig. 1) , with surface area of 100 km 2 and a depth of 1.8-2.3 m. There are two main inflowing rivers, the Zhihugang and the Liangxi, connected to the Meiliang Bay (Fig. 1 ). According to Zhu (1994) , the catchment of the Zhihugang River contains substantial countryside industry. The catchment of the Liangxi River is less industrial, but the river passes through the city of Wuxi, which has a population over six million. Untreated wastewater from residential areas and factories are discharged into both rivers. Heavy industrial and agricultural pollution as well as domestic sewage have caused frequent blooms of Microcystis spp. in Meiliang Bay in the past decades Chen et al., 2003b) .
To investigate long-term fluctuations in nutrient limitation, three stations distributed in Meiliang Bay were selected (Fig. 1) . Station E1 (31°32'22.85'' N, 120°13'9.98'' E) was near the Liangxi River, and Station E2 (31°30'13.79'' N, 120°7'52.21''E) was near the Zhihugang River. Samples at these two stations were used to estimate nutrient inputs from the catchment area of Meiliang Bay. Station B1 (31°28'34.79'' N, 120°11'39.59''E) was located in open water, and samples taken there monitored the overall nutrient state in the bay.
Data collection and measurement methods
Data from 1992 to 2011 were available for three sites (E1, E2 and B1) in Meiliang Bay (Fig. 1) . The data from 1992 to 2008 were obtained from the Taihu Laboratory for Lake Ecosystem Research (TLLER), Nanjing Institute of Geography and Limnology, Chinese Academy of Science. In addition, a 3-year observation was directly conducted from field investigation at Site B1 from 2009 through 2011 in this study.
Monthly sampling was conducted from October 1991 to December 2008. Integrated water samples were taken using plastic tubes (2 m long by 10 cm diameter). Physical and chemical parameters such as total nitrogen (TN) and total phosphorus (TP) concentrations were analysed according to the Chinese standard methods for the lake eutrophication survey (Jin and Tu, 1990) . Phytoplankton chlorophyll-a (Chl-a) concentrations were calculated from spectrophotometric measurements after extraction in 90% hot ethanol (Lorenzen, 1967) . Measurement methods and analyses for data collected from 2009 to 2011 were identical to that of TLLER.
Inference of nutrient limitation
In the present study, values of the trophic state index (TSI) (Carlson, 1977; Kratzer and Brezonik, 1981) were calculated from measured total P and N concentrations, and deviations between both values of indexes were used to determine nutrient limitation status. The method of TSI indexes deviation integrated the multiple factors and had a good stability for studying the historical variation of nutrient limitation (Havens, 1995 Kratzer and Brezonik (1981) developed an N index (TSIN, eq. 2) based on chlorophyll-N regression relationships for forty N-limited Florida lakes. To understand N and P limitation, Kratzer and Brezonik also performed standard nutrient bioassays in the forty lakes. They proved that instances of TSIN-TSIP <0 corresponded accurately with bioassay results of nitrogen (N) limitation, while instances of TSIN-TSIP >0 corresponded with phosphorus (P) limitation.
Validation of nutrients limitation by the trophic state index method
TSIs in Meiliang Bay were calculated using the methods described by Carlson (1977) and Kratzer and Brezonik (1981) as a means to evaluate patterns of nutrient limitation, which was previously widely applied in Lake Okeechobee by the well validation of comparing TSIs with standard nutrient bioassay experiments (Aldridge et al., 1995; Havens, 1995) . Thus, prior to application to the long-term dataset, this approach needs to be validated for Meiliang Bay using bioassay experiments results from Paerl et al. (2011) and Xu et al. (2010) .
Monthly TN and TP between 2008 and 2009 were calculated from bioassay results (Paerl et al., 2011; Xu et al., 2010) (Fig. 2) . Values of TSIN>TSIP during winter and spring indicated P limitation of phytoplankton growth, while summer and fall measurements of TSIN<TSIP suggested N was the primary limiting nutrient. The agreement between results of the two approaches (TSI values and bioassays) not only validated the reliability of using TSI to assess nutrient limitation status, but also provided further evidence of the seasonal change in nutrient limitation in Meiliang Bay (Fig. 2) . Consequently, TSI deviations were applied to reconstruct historical patterns of nutrient limitation in Meiliang Bay in Lake Taihu.
Assessing the effects of seasonal nutrient limitation on phytoplankton growth
The seasonal patterns of water quality parameters (TN, TP, Chl-a) were examined visually using boxplots showing the median, 25 th and 75 th percentiles over the 20 years of data collection (Mcgill et al., 1978) . Independent t-tests were conducted at the 0.05 confidence level to test the variance between group sample values.
Responses of phytoplankton over the time series and the deviation value between trophic state indexes for N and P (TSIN-TSIP) were modelled using a generalized additive model (GAM) (Wood, 2006) . The superiority of the GAM is its adaptability for non-normally distributed variables. In ecological studies, because the assumption of normality is nearly always violated for some variables, and there are often non-linear relationships between species and environmental factors, GAM is a useful and oft-applied tool for ecological researchers (Salmaso et al., 2012; Tao et al., 2012) . In this study, GAM was used to assess the effects of seasonal nutrient limitation on phytoplankton growth. To test the interaction between seasonal effects and the deviation value of TSI, we created a categorical variable season, which had two values: one for winter-spring and zero for summer-autumn:
where s is the smoothing function based on a cubic regression spline. A graph is required to visualize the function s. In contrast to regression models, GAM provides a smoother rather than an equation, which can be evaluated by plotting (Zuur et al., 2009) . Statistical analyses were carried out using R version 3.0.3. The mgcv package (Wood, 2011) was used for GAM model-fitting because it can perform cross-validation, which makes it robust against outliers and data that is non-normally distributed.
RESULTS
Long-term trends of eutrophication in Meiliang Bay
Monthly averages of TN, TP and Chl-a in Meiliang Bay from 1992 to 2011 are shown in Fig. 3 . TN concentrations ranged from 0.61-9.63 mg L -1 in Meiliang Bay Fig. 3a) , with an average of 3.17 mg L -1 during the 20 years of study. Maximal values normally appeared in winter and spring, whereas minimal values were usually confined to summer and autumn (Fig. 3d) . Similar to TN, concentrations of TP ranged two orders of magnitude from 0.014-0.40 mg L -1 (Fig. 3b) , with a 20-year average of 0.20 mg L -1 . However, TP revealed an inverse seasonal pattern to TN, with maxima from June to September and minima occurring from winter to early spring (Fig. 3e) . Fluctuations in Chl-a followed changes in TP. Concentrations ranged from 0.55-142.00 μg L -1 (Fig. 3c) , and summer or autumn maxima (Fig. 3f) , respectively (Fig. 3a, 3b) . The annual peak of Chl-a changed from 97.73 µg L -1 prior to 1995 to 142.00 µg L -1 in 1995 (Fig. 3c) , which was the highest average Chl-a concentration during the study period. Prior to 1995, algal blooms only occurred in an individual month in each summer and autumn (Fig. 3c) . However, between 1995 and 1996, algal bloom duration extended across all summer and autumn months. In fact, the average annual concentration of Chl-a was 57.13 μg L -1 in 1996 (Fig. 3c) ; Fig. 3a,b,c) . The decline in nutrient concentrations after 1996 may be explained in part by reductions in external nutrient inputs from the catchment imposed by the local government in 1995 (Chen et al., 2003a) .
In (Fig. 3c ). Since 2005, however, there has been an increasing trend in Chl-a, with very highs in 2008, at 40.49 μg L -1 on average and a peak value of 109.28 μg L -1 (Fig. 3c ). Cyanobacteria blooms in Lake Taihu caused a water crisis in 2007 (Guo, 2007; Yang et al., 2008; Qin et al., 2010; Zhang et al., 2010; Qin et al., 2013) , which was closely related to continuous enrichment of nutrients (both N and P). From 2009 to 2011, Chl-a gradually dropped (annual average of 7.68 μg L -1 ), which may have been caused by the reduction of external pollution and related recovery measures in the lake.
Historical fluctuations in nutrient limitation
Historical patterns of seasonal nutrient limitation (Fig. 4) inferred from TSI deviation corroborated findings of a series of nutrient bioassay experiments between 2008 and 2011 in Meiliang Bay Yue et al., 2014) . Analysis of 20 years of deviation in TSI values (Fig. 4) showed a distinct seasonal pattern of nutrient limitation with roughly three stages: i) during 1992-1995, seasonal shifts from P limitation of phytoplankton growth in winter and spring to N limitation in summer and fall occurred; ii) during 1995-2000, there was a loss of seasonal patterns, where N limitation dominated throughout the year. This pattern was most obvious during 1996-1997 and gradually weakened during 1998-2000, when slight P limitation emerged in some winter and spring months; iii) after 2000, patterns of seasonal nutrient limitation began to return to those observed prior to 1995, and P limitation gradually strengthened in winter and spring. Maximum P limitation occurred from the winter of 2001 to the spring of 2002, after which slow weakening occurred. N limitation of summer and fall kept a relatively stable state and gradually strengthened until 2010 and 2011.
Interannual and seasonal changes of influent nitrogen and phosphorus at Meiliang Bay
Both concentrations of TN and TP showed strong seasonal variation in the Zhihugang and Liangxi Rivers, which were the two main inflowing rivers in the Meiliang Bay sub-basin. Maximum TN values occurred in winter and spring, whereas minimum values were observed in summer and autumn during the 20-yr (1992-2011) period (Fig. 5 a,c) . Similarly, as to the changes of TP concentration in the both rivers, higher levels appeared in spring, while lower in summer (Fig. 5 b,d) .
From the interannual point of view, there were significant fluctuations of nutrients concentrations between 1992-2000 in the Zhihugang and Liangxi Rivers. Data analysis of TN and TP from 1992 to 1995 indicated that the average annual TN in the Liangxi River increased from 6.67 to 6.94 mg L -1 (Fig. 6a) , while TP increased from 0.20 to 0.31 mg L -1 (Fig. 6b) ; in the Zhihugang River, average annual TN increased from 1.68 to 5.62 mg L -1 (Fig. 6c) , and TP increased from 0.05 to 0.33 mg L -1 (Fig. 6d) . As to the two rivers, maximum average annual TN and TP concentration almost occurred in 1996, subsequently, the concentration of TN and TP declined rapidly, especially the significant dropped magnitude of TP, which might be related to nutrients management actions. Meiliang Bay has a subtropical monsoon climate, with four distinct seasons. In the Lake Taihu basin, summer and fall air temperatures are significantly higher than winter and spring. The majority of precipitation occurs in summer through the lengthy meiyu (plum rain) and typhoon periods. Rainfall in winter and spring accounts for a small proportion of overall precipitation. In the Meiliang Bay sub-basin, the Zhihugang and Liangxi Rivers transport non-point source and point source nutrients into the bay from upstream agriculture and municipal sewage, respectively, which propagates the aligned seasonal patterns in weather and nutrient loading in the bay. Across nearly 20 years of seasonal changes in nutrients in the Zhihugang and Liangxi Rivers, higher concentrations of TN occurred in winter and spring (t-test, P<0.05) (Fig. 5) , following seasonal patterns of TN in Meiliang Bay. This suggests that N concentrations in Meiliang Bay may be driven by loading from the inflowing rivers. In contrast, high concentrations of TP in both rivers were generally found in spring, though levels of TP in Meiliang Bay were normally high in summer-fall and low in winter-spring. This contradiction between the timing of patterns of TP in Meiliang Bay and its tributaries suggests that the high summer P concentration in Meiliang Bay may be caused by within-lake processes such as benthic release.
Previous work in Lake Taihu showed that N loading came primarily from agricultural non-point pollution sources, while P inputs were mainly from domestic sewage . Moreover, studies have demonstrated a strong correlation between nutrient loading from agricultural non-point sources and rainfall in winter and spring Qiao et al., 2012) . Thus, during periods of agricultural fertilizer application to cultivated land in the Lake Taihu basin in the winter and spring, N source of high concentration were carried by rainwater into the rivers. These N inputs, in addition to low rates of biogeochemical cycling in the inner bay, led to the formation of P limitation in the winter and spring.
Analysis of deviations in TSI showed that algae in Meiliang Bay were generally N-limited in the summer and fall. N limitation is caused by insufficient N source in the high algal growth season, where fast initial growth of cyanobacteria bloom leads to rapid N uptake in the water column by algae. Upon death, the algae settle to the benthos and cause N loss through denitrification in the sediment bed, which, in return, amplifies N-limiting conditions . Although studies of other shallow lakes have found that N-fixing cyanobacteria may supplement N (Mccarthy et al., 2009) , during periods of cyanobacterial blooms, past research showed that the proportion of N-fixing cyanobacteria and N fixation efficiency were low in Lake Taihu (Mccarthy et al., 2007; Paerl et al., 2011) . Hence, N concentrations in Meiliang Bay may have had little supplementation in summer and fall (Fig. 3a) . In contrast, though cyanobacterial growth absorbed a large mass of P during the bloom period, there was complementary P release from the sediment caused by the low-oxygen, elevated pH, and high-temperature conditions that occurred with the high rates of cyanobacterial growth and death on the sediment surface (Søndergaard et al., 2003; Xie et al., 2003; Conley, 2012) . All these processes can influence seasonal fluctuation in N concentrations and N limitation of phytoplankton in Meiliang Bay during summer and fall.
Overall, climatic variation across seasons in the Lake Taihu basin and the resulting variation in external N and P inputs from the tributaries of Meiliang Bay as well as internal P release from the sediment caused winter and springtime P limitation and summer and autumnal N limitation in Meiliang Bay.
Collapse and recovery of patterns of nutrient limitation
Seasonal patterns of nutrient limitation shifted significantly in 1990s (Fig. 4) . Deviations in TSI in the early 1990s showed that P limitation of phytoplankton growth occurred in spring and winter in Meiliang Bay, while N was the primary limiting nutrient in summer and fall. In the mid-1990s, however, there was a significant shift in the deviation in TSIN-TSIP (Fig. 4) , indicating a transition from P limitation in winter-spring and N limitation in summer-autumn prior to 1995 to N limitation across all four seasons from 1995-1997. Our results suggest that this shift may be closely related to increasing industrialization and regulation of environmental regulation of water quality.
Industrial development in the Meiliang Bay sub-catchment, located north of Lake Taihu, was rapid in the early 1990s. Construction of massive chemical plants and direct discharge of wastewater led to rapidly increasing N and P concentrations in both the Zhihugang River and the Liangxi River. Comparative analysis of TN and TP from 1992 to 1995 indicated that the average annual TN and TP concentration were increased quickly (Fig. 6a-d) . During this period, from the perspective of TN and TP changes, average annual TN:TP decreased from 34 to 23 and from 35 to 17 in the Liangxi and Zhihugang Rivers, respectively, indicating that P concentrations increased more quickly than those of N in these rivers. This change in TN:TP likely promoted the formation of N limitation throughout the following year.
In 1998, TSI deviations indicated that the pattern of year-round N limitation had begun to transition back to seasonal shifts between N and P limitation as in years prior to 1995. This transition was attributed to generally reduced nutrient concentrations caused in part by the plan to reduce external nutrient inputs from the catchment that was imposed by the local government. Between 1996 and the end of 1998, management organizations of the Lake Taihu basin committed to reduce enterprise wastewater, a plan that was called Zero Actions (Wang et al., 2009; Paerl et al., 2011) . In the upstream watershed, particularly in industrial areas in the countryside, wastewater discharge control was mandated. No untreated wastewater in the catchment was allowed to be discharged into the rivers (information sourced from an annual report of the Chinese Environmental Protection Bureau 1996). These measures led to a considerable decline in P and N loading after 1996, and the water quality response in Meiliang Bay was apparent at sampling stations E1 and E2 (Fig. 6) . In both the Liangxi and Zhihugang Rivers, TN:TP increased from 23 to 27 and from 12 to 18, respectively, indicating that P concentrations were substantially reduced during 1996-1998. Thus, these management actions (i.e., Zero Actions plan) reduced N and P inputs into Meiliang Bay over a short time period and facilitated a return to the seasonal pattern of limitation seen prior to 1995.
Seasonal nutrient limitation and regulation of eutrophication
To identify the relationship between nutrient limitation (TSIN-TSIP) and the response of phytoplankton chlorophyll-a in different seasons, a generalised additive model (GAM) was utilized with time and nutrient limitation as explanatory variables. In total, these two explanatory variables explained 23.1% of the variation in Chl-a. We also considered the interaction between nutrient limitation and season.
The model showed the relationship between Chl-a and time had two humps corresponding to the summers of 1996 and 2008 (Fig. 7a) , implying that Meiliang Bay experienced two severe blooms at these times. The deviation between TSIN and TSIP, which indicates the nature of nutrient limitation of phytoplankton, followed a right-skewed distribution in the winter-spring season (Fig. 7b) and a left-skewed distribution in summer-autumn season (Fig. 7c) In the winter and spring, this right-skewed distribution, along with some outlier values (over 15) (Fig. 7b) , reflected the frequency of significant P limitation in Meiliang Bay. Enter winter, Cyanobacteria can store P during sedimentary phases to over-winter accompany with P limitation (Ahn et al., 2002) . When temperature and light become optimal for growth, cyanobacteria utilize nutrients in the water column to dominate phytoplankton communities. However, we observed that high values of were in accord with the normal distribution having zero as the center ( . This means that phytoplankton chlorophyll-a may have accumulated without P limitation occurring. When phytoplankton growth entered the N limitation in winter-spring, cyanobacteria compete more effectively for N than other phytoplankton (Nõges et al., 2008) . We speculated that if commonly P-limitation in winter-spring season mitigated or shifted due to TP increased in Meiliang Bay, it would give an suitable N:P stoichiometry for cyanobacteria growth (Schindler et al., 2008) . Therefore, relatively high concentration of N and P nutrients, and appearance of N limitation in winter and spring could partly indicate the high Chl-a value in the whole year in 1996. In the summer and autumn, N limitation was dominant. However, peak values of Chl-a corresponded to a deviation value of -10 ( Fig. 7c) , which indicates only weak N limitation. It may be suggested that phytoplankton community is co-limited by N and P during summer and fall in Meiliang Bay, as the studying results that N was the primary limiting factor, with P being a secondarily limiting nutrient in summer and fall pointed out by Xu et al. (2010) and Paerl et al. (2011) . The forming process and mechanism may be correlated with seasonal limiting state presented by nutrient cycle in major inflowing rivers (Wang et al., 2014) and nutrient lake-wide nutrient circulation in a long water residence time of approximately 1 year, such as sedimentation and regeneration of nutrient as well as algal uptake. Increases in summer DIP may be caused by elevated pH and anaerobic conditions, and faster turnover of P relative to N in lakes is a widely acknowledged phenomenon (Harris, 1986) . Hence, more rapid recycling of P than N in Meiliang Bay likely caused maximal algal biomass during weak N limitation.
Utilizing TSI deviations in long-term datasets to explore the dynamics of nutrient limitation in the water column could assist the development of science-based regulation and engineering solutions for water remediation. For example, Havens (1995) utilized the TSI deviation method in Lake Okeechobee, the largest shallow lake in the USA, to determine spatial patterns of nutrient limitation across various lake zones over interannual temporal scales. It is found that secondary N limitation was a transition phase that remained nearly a decade. In Lake Okeechobee, N reduction can drive blooms of N-fixing cyanobacteria (Mccarthy et al., 2009) ; therefore, to restore water quality in the lake, a plan was proposed to reduce P concentrations to create the historical natural P-limited conditions in Lake Okeechobee (Mccarthy et al., 2009) . In Meiliang Bay, however, the cyanobacterial community is dominated by Microcystis spp., which is not an N-fixing species (Chen et al., 2003a; Chen et al., 2003b; Mccarthy et al., 2009) . Some studies in Meiliang Bay have observed that N-fixation does not seem to occur, even by the genera Anabeana and Aphanizomenon (Mccarthy et al., 2007) , which suggests that N fixation efficiency is limited. Hence, long-term seasonal nutrient transform pattern and potential N and P co-limitation in summer and fall suggested that to regulate cyanobacterial blooms in Lake Taihu, it is essential to reduce not only P loads, but also N inputs into the lake Paerl et al., 2011) . 
CONCLUSIONS
The present study evaluated long-term fluctuations in eutrophication and patterns of nutrient limitation between 1992 and 2011 in Meiliang Bay, Lake Taihu. Riverine inputs of N and P strongly affected the magnitude of nutrient concentrations and their temporal variability in Meiliang Bay. Specifically, N inputs into the bay were mainly derived from inflowing rivers, whereas influx from the sediment was also an important source of P. Analysis of TSI deviations revealed that nutrient limitation status was strongly connected to phytoplankton chlorophyll-a in all four seasons in Meiliang Bay. Thus, the results of this study indicate that government may need to simultaneously consider seasonal differences in nutrient loads and patterns of nutrient limitation when planning N and P reduction with the aim of reducing algal blooms in Meiliang Bay.
In addition, given the temporal changes and spatial heterogeneity of Lake Taihu, improved management of the entire range of lake zones will require future studies on spatial patterns of nutrient limitation in other lake zones as well as knowledge of trophic state and nutrient limitation state in Meiliang Bay over longer periods (i.e., before the 1990s). 
